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Lipid peroxidation contributes to hydrogen peroxide induced
cytotoxicity in renal epithelial cells
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Lipid peroxidation contributes to hydrogen peroxide induced cytotox-
icity in renal epithelial cells. We have examined the role of lipid
peroxidation in the cytotoxicity of H202 in OK cells containing markedly
differing amounts of cell membrane polyunsaturated fatty acids (PUFA).
In OK cells grown in a serum free medium, PUFA were undetectable. The
membranes of these cells contained predominantly oleic, stearic and
palmitic acids. When cultured in medium containing 10% calf serum, OK
cells contained measurable amounts of PUFA [linoleic (5 1%) and
arachidonic acids (8 1%)]. When the serum containing medium was
supplemented with 60 mM linoteic acid, the membrane content of both
linoleic (21 1%) as well as arachidonic acid (15 1%) was substantially
increased. The severity of injury induced by H202 in OK cells was
substantially altered by the PUFA content of the cell membrane. Exposure
of OK cells to 1.25 msi H202 for one hour resulted in more cell death
(determined by a trypan blue assay) in cells grown in serum supplemented
with linoleic acid with "normal" PUFA content (90 2%) than in cells
with "reduced" levels of PUFA grown in unsupplemented calf serum (81
3%). Cells grown in defined, serum free medium with undetectable
levels of PUFA suffered the least H202-induced lethal cell injury (47
8%). Comparable differences in the cytotoxicity of H202 among cells with
differing PUFA content were found using a clonogenic assay of cell
viability. Malondialdehyde (MDA) accumulation induced by 1.25 mM
H202 was greater in cells with "normal" PUFA content (702 103 pM/rg
cell DNA/hr) than in cells with "reduced" PUFA (328 112 pM/100 sg
DNAIhr) and was undetectable in cells grown in defined, serum free
medium. In summary, the content of PUFA of cells in culture is
profoundly influenced by culture conditions. Our data provide novel and
direct evidence that peroxidation of cell membranes contributes directly to
the severity of cell injury and death induced by H202.
Reactive oxygen species (ROS) play a role in acute tubular
necrosis caused by a number of renal insults [1, 2] including
ischemia-reperfusion injury [3], myoglobin and hemoglobin-in-
duced renal failure [4], and gentamicin nephrotoxicity [5]. While
the importance of ROS in the pathogenesis of experimental renal
disease is established, the cellular mechanisms that result in cell
injury and death remain uncertain [6]. ROS may cause cell injury
by damaging multiple intracellular macromolecules including
enzyme systems (such as the glycolytic pathway) [7] and DNA [8],
as well as membrane lipids [9].
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Lipid peroxidation of cell membranes results in the production
of a number of metabolites including malondialdehyde (MDA)
[101, conjugated dienes [101 and ethane [111, which are easily
measured and have been used for many years as indirect markers
of the extent of cell oxidation. While many reports of oxidant
injury implicitly assume that lipid peroxidation plays a role in
oxidant-induced injury [12], there is little direct evidence indicat-
ing the extent to which cytotoxicity induced by hydrogen peroxide
and other products of the Haber-Weiss reaction is a cause or a
consequence of lipid peroxidation [6, 12, 13].
Salahudeen [13] recently examined this question and demon-
strated that lipid peroxidation clearly precedes H2O2 associated
cell injury in LLC-PK1 cells and that anti-oxidants ameliorate cell
injury. These data indicate that lipid peroxidation is not simply a
consequence of cell injury as some investigators have suggested
[12, 14], but does not directly demonstrate that lipid peroxidation
contributes to H202-induced cell injury. The antioxidants used by
Salahudeen [131 (lazaroids and a-tocopherol) do not specifically
inhibit lipid peroxidation without affecting other free-radical
reactions [12, 15]. Thus the role of lipid peroxidation in H202
induced cytotoxicity remains controversial.
Polunsaturated fatty acids (PUFA) such as linoleic acid and
arachidonic acid are the membrane targets of lipid peroxidation,
while saturated and monounsaturated fatty acids are not oxidized
by ROS [16, 171. If lipid peroxidation is important in mediating
oxidant-induced cytotoxicity, cells that have greater amounts of
membrane PUFA should be more susceptible to attack by ROS.
We have examined this hypothesis in a line of renal cells in culture
that contain substantially different amounts of membrane PUFA.
We demonstrate that the severity of H202-induced cell death is
directly related to cell membrane PUFA content and to the
degree of lipid peroxidation.
Methods
Cell culture techniques
Primary culture of mouse proximal tubular (MPT) cells. Cells
were cultured from coliagenase-digested fragments of proximal
tubules obtained from the cortices of kidneys of C57BL mice by a
modification of previously described methods [18]. Cortices were
minced and incubated with collagenase and soybean trypsin
inhibitor (both at concentrations of 0.5 mg/mi) in Hanks' solution
for 30 minutes. After large undigested fragments were removed by
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gravity, the suspension was mixed with an equal volume of 10%
horse serum in Hanks' solution and then centrifuged at 500
revolutions/mm for seven minutes at room temperature. The
pellets were washed once by centrifugation and then suspended in
cell culture medium. The cell culture medium was a serum-free
mixture of Dulbecco's modified Eagle's medium and Ham's F-12
nutrients mixture (1:1) containing 2 mM glutamine, 15 mrvt N-2-
hydroxyethylpiperazine-N'2-ethanesulfonic acid (HEPES), 5 xg/ml
insulin, 50 nM hydrocortisone, 500 U/mI penicillin, and 50 xg/ml
streptomycin.
Culture of OK cells. OK cells (American Type Culture Collec-
tion, Rockville, MD, USA) were grown in three types of medium.
"Serum free medium" was defined as the same medium used to
grow MPT cells (see above); "serum containing medium" con-
tained 10% calf serum; "supplemented serum containing medi-
um" was medium containing 10% serum additionally supple-
mented with 60 LM linoleic acid. OK cells were passaged by
rinsing monolayers with calcium and magnesium free PBS and
exposed to trypsin (0.05%)-EDTA (0.53 mM) (Sigma Chemical,
St. Louis, MO, USA) for 10 minutes.
Supplementation of medium with linoleic acid. Medium was
supplemented by adding a stock solution of linoleic acid (10 mM)
to medium containing 10% calf serum to a final concentration of
60 xm. The stock solutions of linoleic acid were made up from
potassium linoleate (Nucheck Prep, Elysian, MN, USA) which
was added to a 3 mrvi KOH (pH 10) solution previously bubbled
with nitrogen at a concentration of 10 mM. The stock solution of
linoleate was divided into aliquots stored under argon at —80°C.
Supplemented medium was made up just prior to its addition to
cells. The stock solution of linoleate was added to medium
containing 10% calf serum incubated at 37°C for 15 minutes to
achieve a final concentration of 60 JLM. The supplemented me-
dium was incubated at 37°C for a further twenty minutes prior to
its addition to cells.
Measurement of membrane phospholipid fatty acid composition
The membrane composition of fatty acids was determined in
cells in culture as well as in proximal tubules obtained directly
from mouse kidneys using thin layer chromatography and gas-
liquid chromatography as described previously [16].
Proximal tubules were isolated using the same procedures
described above for culture of MPT cells. After isolation, proxi-
mal tubules were washed and suspended in 5 ml serum free
medium.
MPT and OK cells were grown in P100 plates for fatty acid
analysis. Analysis of csterifled membrane fatty acids in MPT and
OK cells grown in the three different culture media was per-
formed on the combined cells and supernatant of two confluent
P-100 plates.
Medium containing either proximal tubules or cultured cells in
suspension was acidified with formic acid (final concentration
0.2%, vol/vol), and the neutral lipids were extracted into 5.0 ml
chloroform:methanol (1:1.2) followed by 5.0 ml chloroform. The
organic phase was evaporated under nitrogen and redissolved in
200 jxl hexane. Total lipid content was determined by micro-
gravimetry (model 31 electronic balance; Cahn Instruments,
Cerritos, CA, USA) following hexane evaporation of 10 p1
aliquots of the cell extractions. Aliquots were spotted on pre-
coated silica gel G thin-layer chromatography (TLC) plates
(Analtech, Newark, DE, USA). Development occurred using
hexane:ethyl ether:acetic acid (70:30:1, vol:vol:vol) in tanks lined
with filter paper. Bands were visualized by brief exposure to
iodine vapor. The phospholipid region was scraped and eluted
with chloroform:methanol (2:1). After evaporation under nitro-
gen, fatty acid methyl esters (FAME) were obtained using BF3 in
methanol. The reaction was terminated by the addition of 1.5 ml
ice-cold water followed by extraction of the FAME into 5 ml
hexane. The aqueous layer was re-extracted with an additional 2
ml hexane, and the organic phases were combined, evaporated
under nitrogen, and suspended in 100 p1 hexane. Identification of
fatty acyl chains was performed on a Hewlett-Packard (Avondale,
PA, USA) gas-liquid chromatograph equipped with a flame
ionization detector and an auxiliary automatic integrator
(Hewlett-Packard model 3390A). A six-foot glass column, 2-mm
inner diameter with GP 5% diethylene glycol succinate-phospho-
nc acid stabilized (DEGS-PS on 100/120 Supelcoport packing;
Supelco, Bellefonte, PA, USA), was used at an oven temperature
of 180°C (isothermal); the injection port and detector were at
250°C; the flow rate of the nitrogen carrier gas was 40 mi/mm.
Retention times of samples were compared with those of refer-
ence standards (NuCheck Prep, Elysian, MN, USA).
Method for inducing oxidant injury
OK cells grown in serum free medium, serum containing
medium, and linoleate supplemented serum containing medium
were exposed to oxidant injury with H202. Cells were washed
three times and then incubated in one ml of a Krebs-Henseleit
buffer (KHB) containing in mM: 115 NaC1; 3.6 KCI; 1,3 KH2PO4
and 25 NaHCO3, as well as metabolic substrates (glutamine 2 m'vi
and dextrose 5 mM). H2O2 was added to all experimental wells in
duplicate, while control wells received the vehicle for H202 (10 pl
water). Cells were incubated at 37°C in 95% air/5% CO2. At the
end of the period of H202 exposure, measurements of cell
viability, membrane FFA content, MDA accumulation and PGE2
release were determined in separate experiments using methods
described below.
Cell viability assays
Tiypan blue exclusion method. After incubation of duplicate cell
monolayers with 1.25 msi H202 for 30 and 60 minutes, cells were
harvested. The proportion of cells remaining viable (excluding
trypan blue) were counted in a hemocytometer as previously
described [16]. The number of cells remaining viable is expressed
as a percent of the total the number of viable cells in the control
wells incubated with vehicle. These experiments were done in
12-well culture dishes. All variables were done in duplicate.
Clonogenic assay. After incubation of duplicate cell monolayers
with 1.25, 0.63 or 0.31 mM H2O2 for 60 minutes, OK cells were
harvested, tranferred into eppendorf tubes, and centrifuged at 500
g for five minutes at 4°C. After washing cells once with ice cold
PBS the cell pellets were resuspended in DMEM containing 10%
calf serum. The resuspended cells were transferred back into
culture plates and grown in at 37°C in an 02/air incubator for 18
hours. The number of viable cells in each well was determined
using a modification of the colorimetric MTT assay decribed by
Mosmann [19]. This assay determines the number of viable cells
per well using MiT, a tetrazolium salt [3-(4,5-dimethylthiazol)-2,
5-diphenyl tetrazolium bromide; Sigma Chemical Co.]. Viable
cells convert the pale yellow MiT to dark blue crystals of MiT
formazan (peak absorbance 570 to 590 nm).
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After removing the growth medium, 200 pd of MTT dissolved in
KHB at a concentration of 5 mg/mI was added to each well. After
incubation at 37°C for four hours, the crystals of MTT formazam
were dissolved by adding 200 pd of 10% SDS dissolved in 0.01 N
HCI. Aliquots (100 tl) from each well were read in 96 well plates
using a Dynatech microELISA plate reader with a test wavelength
of 570 nm and a reference wavelength of 630 nm [19, 201. The
absorbance of wells from cells that proliferated from H202
treated cells are expressed as a percent of the absorbance from
control wells (cells that proliferated from cells treated with
vehicle).
Malondialdehyde assay
Malondialdehyde (MDA) accumulation was measured using a
modification of previously described methods [10, 21]. MPT cells,
grown in 6 well dishes were washed with KHB and then exposed
to vehicle (10 pA water) or H202 (1.25 mM) in KHB supplemented
with dextrose (10 mM) and glutamine (2 mM) for one hour. Cells
were scraped off the culture dish into the supernatant and an
anti-oxidant (butylated hydroxytoluene, BHT) was added to each
sample at a final concentration of 0.05 g/100 ml. The addition of
BHT is a modification of the conventional thiobarbituric acid
assay [21] to minimize ongoing MDA production during the
processing of samples [22]. Supernatant and cells were transferred
into glass test tubes. Cells were centrifuged for 20 minutes at 1300
g. After aspirating and discarding the supernatant, the sample
pellets were suspended in 1.5 cc of a solution containing thiobar-
bituric acid (TBA) 0.18 g/100 ml, SDS (0.24 g/100 ml) and acetic
acid (4.4%). Each sample was individually titrated to pH 3.5,
heated for 50 minutes at 95°C and then sonicated. After the
addition of 1.5 ml of n-butanol/pyridine (15:1 vol:vol), the con-
tents were vigorously vortexed and then centrifuged for 10
minutes at 2,000 g. The organic (upper, pink) layer was removed
for MDA determination. Absorbance of samples and standards
(1,1 ,3,3-tetramethomethoxypropane in concentrations ranging
from 8.04 to 0.25 nanomolar) were measured in a spectrophotom-
eter at an absorbance of 535 nm and the amount of MDA
extrapolated from the standard curve. The amount of MDA
generated per sample was expressed as picomoles MDA gener-
ated per milligram cell DNAJhour.
PGE2 assay
The concentration of PGE2 in the supernatant of cell monolay-
ers exposed to H202 for one hour was determined by radio-
immunoassay as previously described by this laboratory [23].
Cell DNA
DNA was measured in cell samples using the DNA binding
fluorescent compound Bisbenzamide (Hoechst 33342; Calbio-
chem-Novobiochem, San Diego, CA, USA). Calf thymus DNA
(Sigma Chemical Co.) was used as the standard. The method is
described in detail by Labarca and Paigen [201.
Statistics
The fatty acid composition of membrane phospholipids are
expressed as percent distribution of acyl chains within the phos-
pholipid class. All data are means SE, The Student's t-test was
used for the comparison of two groups of data. When three groups
were compared the Bonferroni correction was used. A P value of
<0.05 was considered significant.
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Fig. 1. Fatty acid composition of cell membranes obtained from freshly
isolated mouse proximal tubules (grey bars) and mouse proximal tubular
(MPT) cells grown in primaly culture (speckled bars). Compared to freshly
isolated tubules, cultured MPT cell membranes contain an increased
amount of olcic acid while linoleic acid is markedly decreased and
arachidonic acid is below detectable limits. < 0.05% compared to
proximal tubules. Abbreviation nd is not detectable. N = 3.
Results
Fatty acid composition of membranes of renal cells in culture
Mouse proximal tubular (MPT) cells. The cell membranes of
freshly isolated proximal tubules obtained from normal adult mice
contained 20 1% stearic acid, 30 2% palmitic acid, 11 1%
oleic acid, 7 1% linoleic acid and 23 2% arachidonic acid
(Fig. 1). In contrast, the fatty acid composition of MPT cells
grown to confluence over five days was markedly different from
these tubules from which they were grown. Most notably, arachi-
donic acid was undetectable and linoleic acid markedly reduced
(to 2 1% of the total membrane fatty acid content). The fall in
PUFA content was associated with a striking increase in the
proportion of oleic acid (55 2%) in the cell membrane (Fig. 1).
OK cells. OK cells grown in defined, serum free medium had a
fatty acid composition (Fig. 2) comparable to MPT cells in culture
(Fig. 1). Oleic acid was the most abundant fatty acid (56 2%)
while PUFA such as arachidonic and linoleic acids were below the
limit of detection (Fig. 2).
Growth of OK cells in serum containing medium increased the
amount of linoleic acid to 5 1% and arachidonic acid to 8 1%
of the total membrane phospholipid fatty acid content while oleic
acid content was reduced to 42 2% (Fig. 2).
Growth in linoleate supplemented serum containing medium
further increased the amount of membrane phospholipid linoleic
acid to 21 3% and arachidonic acid to 15 1%, while oleic acid
decreased to 13 2%.
Total PUFA content (linoleic + arachidonic acids) in OK cells
grown in supplemented serum (30 3%) was comparable to that
in freshly isolated mouse proximal tubules (35 2%).
Comparison of effects of H202 in OK cells grown in serum free
medium, serum containing medium and supplemented serum
containing medium
I-1202-induced OK cell injury. (a) Tiypan blue exclusion. Thirty
minutes of H202 exposure caused lethal cell injury to 34 6% of
OK cells grown in serum free medium. H202 induced lethal injury
in a greater proportion of cells (51 3%; P < 0.05%) grown in
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Fig. 2. Effect of culture conditions on fatly acid composition of OK cell
membranes. OK cells grown in defined serum free medium (stippled bars)
contain high levels of oleic acid and undetectable levels of polyunsaturated
fatty acids (PUFA). Growth in serum containing medium (cross hatched
bars) increased the amount of linoleic and arachidonic acid to 5 1 and
8 1%, respectively. Supplementation of serum containing medium with
additional linoleic acid (solid bars) further increased the cell membrane
content of linoleic acid (20 1%) as well as arachidonic acid (15 1%).
Abbreviation nd is not detectable. *p < 0.05% versus cells grown in serum
free medium; tp < 0.05% versus cells grown in serum containing medium;
N = 5.
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Fig. 3. Effect of culture conditions on H202-induced cell injwy in OK cells
assessed by the ttypan blue exclusion assay. OK cells grown in serum free
medium (stippled bars), serum containing medium (hatched bars) and
linoleate supplemented, serum containing medium (solid bars) were
exposed to H202 for 30 and 60 minutes. Cell survival was lower at 60
minutes compared to 30 minutes for cells grown under each of the three
conditions (P < 0.05). *D < 0.05% versus cells grown in serum free
medium; tp < 0.05% versus cells grown in serum containing medium;
N = 9 for both 30 and 60 minute experiments.
serum containing medium. H202 exposure caused the greatest
amount of cell death in OK cells grown in supplemented serum
containing medium (61 3%; P < 0.05% compared to cells
grown in unsupplemented serum containing medium (Fig. 3).
After 60 minutes of exposure to H202, the greatest amount of
cell death (90 2%) similarly occurred in cells grown in
supplemented serum containing medium compared to cells grown
in unsupplemented serum containing medium (81 3%; P <
0.05) and in serum free medium (47 8%; P < 0.05; Fig. 3).
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Fig. 4. Effect of culture conditions on f1202-induced cell injuly in OK cells
assessed by a clonogenic assay. OK cells were grown in serum free medium
(stippled bars), serum containing medium (hatched bars) and linoleate
supplemented serum containing medium (solid bars), and were exposed to
H202 (1.25 mt, 0.63 m and 0.31 mM) for 60 minutes. Survival of cells was
determined by the ability of cells to grow following exposure to H202. Cell
survival was greater in cells treated with 0.63 mcvi H202 compared to 1.25
m as well as in cells exposed to 0.31 m compared 0.63 mcvi (P < 0.05).
*P < 0.05% versus cells grown in defined serum-free medium; tP < 0.05%
versus cells grown in supplemented serum containing medium; N = 6.
(b) Clonogenic assay. Cell viability was also determined by
ability of cells to proliferate in culture after H202-induced injury.
In these studies OK cells were exposed to three concentrations of
H202 for one hour (Methods). H202 resulted in dose dependent
loss of clonogenicity in cells grown under all three conditions.
However, cell viability was most severely reduced in cells grown in
linoleate supplemented serum containing medium. Injury was
least severe in cells grown in serum free medium (Fig. 4). In cells
grown in unsupplemented serum containing medium, the degree
of lethal injury was intermediate in severity (Fig. 4).
Malondialdehyde (MDA) formation. MDA accumulation during
H202 treatment was substantially greater in cells grown in sup-
plemented serum containing medium (702 103 pM/100 .tg cell
DNAIhr) than in cells grown in unsupplemented serum containing
medium (328 112 pM/100 M cell DNA/br; P < 0.05; Fig. 5).
PGE2 release. PGE2 production was undetectable in control and
H202 treated OK cells grown in serum free medium. Cells grown
in serum containing medium produced 150 37 pg of PGE2/100
pg cell DNAJhr in response to exposure to H202. PGE2 produc-
tion in response to H202 was substantially greater in cells grown
in supplemented serum containing medium (912 267 pg PGE2I
100 pg cell DNA/hr; P < 0.05%; Fig. 6).
Discussion
We initially compared the PUFA content of normal mouse
proximal tubules with the amount of PUFA in the membranes of
MPT cells grown from these tubules in primary culture. Despite
the normal PUFA content of the freshly isolated tubules, the cells
that grow from these tubules are severely deficient in linoleic and
arachidonic acids (Fig. 1). This is the first report documenting the
rapid and severe deficiency of essential fatty acids in cells grown
in a defined, serum free medium. This serum free medium
contains very small concentrations of linoleic acid (0.16 M) that
are clearly inadequate to provide sufficient linoleate for inclusion
Stearic Palmitic Oleic Linoleic Arachidonic 1.25 0.63 0.31
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Fig. S. Effect of cell culture conditions on H202-induced malondialdehyde(MDA) production in OK cells. MDA was measured in OK cells after
exposure to 1.25 mvi H202 for one hour. Abbreviation nd is not
detectable. *p < 0.05% versus cells grown in serum free medium; P <
0.05% versus cells grown in serum containing medium; N = 6.
into the membrane and elongation into polyunsaturated fatty
acids such as arachidonic acid.
The primary goal of this study was to determine the contribu-
tion of lipid peroxidation to oxidant induced cytotoxicity by
examining the effects of H202 using a cell culture model of renal
epithelial cells containing substantially different amounts of mem-
brane PUFA. Initial attempts to incorporate linoleic acid into
MPT cells using defined medium supplemented with linoleic acid
bound to albumin (unpublished observations) was not effective in
substantially altering the PUFA content of MPT cells. We found
that linoleate added to serum was more effectively incorporated
into cell membranes. Since MPT cells cannot be grown in the
presence of serum without overgrowth of fibroblasts and other
contaminating cell types, the effect of linoleate supplementation
was examined in the oppossum kidney (OK) cell line which has
features of proximal tubular cells.
OK cells, grown in a serum free medium contained a membrane
fatty acid content comparable to MPT cells (Figs. 1 and 2). When
cells were grown in serum containing medium, the PUFA content
increased appreciably from undetectable levels (in serum free
medium) to 13% of the total fatty acid content of the membrane.
However, the addition of serum alone did not result in levels of
PUFA found in normal mouse kidney cortex (Fig. 1).
To achieve levels of PUFA comparable to that found in normal
proximal tubules, linoleic acid was added to serum containing
medium. The added linoleate was incorporated into the cell
membrane and converted to more unsaturated PUFA's including
arachidonic acid (Fig. 2). OK cells grown in calf serum supple-
mented with linoleic acid contained amounts of PUFA (linoleate
+ arachidonate) comparable to that found in freshly isolated
proximal tubules (Figs. 1 and 2). These data are consistent with
the studies of King and Spector [26] in which changes of fatty acid
content of culture medium was shown to alter the fatty acid
composition of cells of fibroblasts and other non-epithelial cell
lines. However, this study is the first to report the effects of
linoleate supplementation in kidney cells in culture. Because of
the importance of proximal tubular injury in the pathogenesis of
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Fig. 6. Effect of cell culture conditions on H202 stimulated PGE2 produc-
tion in OK cells. PGE2 was measured in OK cells after exposure to 1.25 m'vi
H202 for one hour. Abbreviation nd is not detectable. P < 0.05% versus
cells grown in serum free medium; tP < 0.05% versus cells grown in serum
containing medium; N = 5.
acute renal failure, the ability to alter the fatty acid composition of
the cell membrane is potentially useful in examining the role of
membrane characteristics in the pathophysiology of renal epithe-
hal cell injury.
The accumulation of MDA in OK cells exposed to 1.25 mrvt
H202 is proportional to the PUFA content of cells (Fig. 5). In
addition, we have shown both by trypan blue exclusion (Fig. 3)
and by a clonogenic assays (Fig. 4) that the susceptibility of OK
cells to lethal injury induced by H202 is also directly related to the
PUFA content of the cells. Of particular interest is the data
showing that cells grown in linoleate supplemented serum con-
taining medium are severely injured at relatively low doses of
H202 (0.31 mM) that cause little or no injury in cells grown in
serum free or conventional medium containing 10% unsupple-
mented serum (Fig. 4). These results may explain the extremely
high doses of H2O2 (in the 1.0 to 10 m range) that have been
used to produce injury in many studies examining effects of H202
in cultured cells [8, 13, 27—29]. Our findings provide novel and
direct evidence that the PUFA content of cell membranes mark-
edly influences the susceptibility of cells to H202-induced cyto-
toxicity and that lipid peroxidation directly contributes to this
process.
Lipid peroxidation may cause cell injury in several ways. First,
the integrity of the plasma membrane and subcellular organehles
may be compromized by peroxidation. Second, the interaction of
ROS with PUFA leads to the generation of additional radicals
(hydroperoxides and hydroperoxide metabolites) resulting in a
"chain reaction" of ROS production [12]. This process augments
production of ROS that may contribute to cell injury by interact-
ing with cellular proteins and DNA. Finally, lipid peroxidation
leads to activation of phospholipase A2 [30—32]. Fatty acids and
other metabolites of PLA2 (such as lysophospholipid) are known
to be injurious to cell membranes [18]. Thus the PLA2 induced
release of free fatty acids may cause additive injury to the cell
membrane by oxidant independent mechanisms [18]. Further-
more, the release of arachidonate by H202 (Fig. 6) may contribute
indirectly to oxidant injury by increasing cyclooxygenase related
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ROS generation [12] and by leading to the generation of metab-
olites such as thromboxane, leukotrienes and HETES that have
the potential to cause vasoconstriction [1].
In summary, our findings demonstrate that cells grown in serum
free medium have undetectable levels of PUFA (Fig. 1). Cells
grown in serum-containing media contain substantial amounts of
linoleic and arachidonic acids, hut are also relatively deficient in
PUFA. Supplementation of media with linoleic acid results in
relatively normal levels of membrane PUFA content (Fig. 2). We
demonstrate that the degree of lethal cell injury induced by H202
in renal cells is directly related to cell PUFA content and that lipid
peroxidation plays plays an important and direct role in mediating
oxidant related cytotoxicity.
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